Abstract-Chemical compounds present in fruits and vegetables are involved in combating a number of life-threatening diseases such as cancer, cataract, and cardiovascular and cerebral disorders. Identifying the antimutagenic compounds from plant sources, and evaluating their beneficial properties is an effective step in exalting the human health. Olive oil as a main source of dietary lipids, despite having high levels of unsaturated fatty acids, contains biological compounds such as the phenolic antioxidants with preventative effects against the destructive properties of free radicals and their mutagenic effects on the cellular structures. This study shows the effects of light and temperature on the antioxidant and anticancer properties of purified virgin olive oil using the Ames test. A total of 16 Iranian and Spanish oil samples were used. The antimutagenic activity assay was based on the Ames test and applied the Salmonella typhimurium TA100 mutant line along with the chemical carcinogen sodium azide, while mouse hepatic microsomes were used for the anticarcinogenic assessments. Each assay was performed in triplicates simultaneously, and the percentage of inhibition was determined using the formula (1-T/M) x 100. The highest inhibition percentages with respect to the olive variety were recorded as 63.64%, 60.70% and 46.36% for oils treated with dark, light, and light + temperature conditions, respectively. Our results indicate that both light and temperature decrease the antioxidant and anticarcinogenic activities of olive oil.
Introduction
Using plant compounds as a source of anticancer agents was initially performed by Hartwell in 1967, who used Podophyllotoxin and its derivatives as anticancer agents [1] . With the epidemic and prevalence of cancer in Iran and the rest of the world, the need for medications with minimal side effects and any medication interference, while having a better therapeutic effect has been a subject of research worldwide. To this day, more than 60% of the anticancer compounds used for treating cancer patients are of plant, aquatic and microorganismal origins [2] . Olive oil with its strong antimutagenic and antioxidative properties has also been described as a valuable nutrient. Olive oil contains phenolic compounds that play important roles in treating diseases including the different kinds of cancer, cardiovascular diseases, blood pressure, rheumatism, alimentary disorders as well as in pain relief and the aging process [3] [4] [5] [6] . Today, bacteria are being used for the assessment of antimutagenic activities of different compounds in a short time with excellent results. One of the methods used for assessing the mutation prevention properties of a compound in bacteria is the Ames test. Ames and colleagues assessed the antimutagenic and anticancer activities of different compounds. In this method, Salmonella strains incapable of synthesizing histidine due to mutations are used [7] [8] [9] . In a comparative study, it was concluded that systems exploiting Salmonella typhimurium TA100 in the assays are most capable in identifying the mutagenic capacity of different chemicals [10] . This strain carries a specific mutation in its His-operon that makes it histidine auxotroph. This bacterium when in contact with a mutagen will revert and start synthesizing histidine. On the other hand, mouse hepatic homogenate, containing microsomal enzymes including cytochrome P450 has anticancer properties. Therefore, in cases where an antioxidant compound shows a synergistic effect with the anticancer activity of cytochrome P450, an anticancer activity can also be assigned to this compound [11] [12] [13] . The quality of olive oil depends on numerous factors including light and temperature. These two factors, by affecting the phenolic constituents of olive oil, cause a decrease in its antioxidant properties [14] [15] . This research used the Ames test to evaluate the anticancer and antimutagenic properties of light-treated, filtered virgin olive oil.
Materials And Methods
Olive oil preparation Olive fruits were collected from the Olive Research Station in the city of Tarom (Zanjan, Iran) in late November, 2009 (the best time for harvesting oily olive products in this location). Samples of ten different olive varieties were collected from the center. In order to prevent any potential microbial contamination and the unwanted biological variations in the fruits, efforts were made to collect fruits manually, preventing any soil contamination. These fruits were then thoroughly washed with water. Oil was extracted using a cold press procedure, and immediately stored in dark bottles. In addition to the aforementioned samples, two oil samples prepared using the traditional method, 1 sample each of factory-made Iranian regular and refined, 2 samples of Iranian factory-made extra-virgin, and 1 sample of Spanish extra-virgin olive oil, all purchased from the local stores to a total of 17 samples used in the experiments.
Bacterial strains
Salmonella typhimurium strain TA100, directly sent to us by professor Ames, was cultured in a nutrient broth. The overnight culture was used for strain identity confirmation.
Strain TA100 identity assays Rfa mutation
Sensitivity to viole crystal was tested. A 100 µl sample of the overnight bacterial culture was inoculated in 2 ml of melted and cooled top agar and spread over an agar nutrient plate. A disk dipped in crystal viole was later placed on this plate and after a 16-hour period, a bright zone was observed around the disk, an indication of the lack of cell growth due to the Rfa mutation. R-factor assay This assay confirms ampicillin resistance. The absence of zone of growth inhibition around the disk was an indication of amp R and a proof for the presence of the R-factor in the bacterial strain.
UVrB mutation
This assay confirms UV sensitivity of the strain. A petri dish containing a dense bacterial lawn of TA100 strain was used. One half of the dish was covered with aluminum foil, and the dish was exposed to UV light at a distance of 33cm for 8 seconds. Following an 18-hour heating period, the absence of zone of growth inhibition in the UV-exposed half was an indication of UVrB mutation in the strain.
Determining the antimutagenic strength of olive oil using Salmonella typhimurium strain TA100 In this assay, the test material (i.e., 0.1 ml of olive oil) is mixed with 0.1 ml of the carcinogen (Sodium azide), present in the positive control, in 3 ml of top agar, 0.1 ml of the overnight culture, and 0.1 ml of histidine and biotin. This mixture was thoroughly spread on a glucose agar plate, and the plate was then overturned and incubated for 24 hours at 37 °C. Each experiment included 3 different plates cultured, simultaneously. Negative control contained 0.5 ml of distilled water instead of sodium azide and shows spontaneous mutation in bacteria, while positive control contains 0.1 ml of the carcinogen. After the heating period, bacterial colonies were counted.
Mouse liver S9 preparation for carcinogenicity assay A broad range of carcinogenic agents require metabolic activation for recognition. In this investigation, 10 male rats, each with an approximate weight of 200 (±5) grams, provided to us by the Pasteur Institute, were used. Rats were starved for 24 hours in order to get the titer of the liver enzymes to their highest levels. Spinal cords of the animals were then ceased, livers were surgically removed and washed in a 0.15 M Potassium Chloride solution. Livers were cut into pieces using sterile scissors and smashed prior to a 10 min centrifugation at 9000g. All the above steps were performed at 4 °C. The supernatant (S9) was stored at -80 °C. The antimutagenic assay was performed in the presence of S9, as mentioned previously. Positive control included 0.1 ml of the O/N culture, 0.1 ml of the mutagen and 0.1 ml of S9, while the test petri dish contained 0.1 ml of the O/N culture, 0.1 ml of the mutagen, 0.1 ml of olive oil and 0.1 ml of S9. The negative control contained 0.5 ml ddH2O, 0.1 ml of the O/N culture and 0.1 ml of S9. It is worth mentioning that histidine and biotin were added to all the above petri dishes and that each experiment was performed in triplicates, simultaneously. Bacterial colonies were counted following the heating cycle [9, 11] .
Calculation of inhibition percentages
Inhibition percentages were calculated using the Ong and colleagues' formula (1-T/M) x 100, in which T represents the number of revertants in each plate in the presence of the antimutagen, while T stands for the number of revertants in each of the positive control plates [16] . It needs to be mentioned that the number of revertants in the negative control is subtracted from the values of T (the numerator) and M (the denominator). Inhibition of > 40% and 25-40% are indicative of a strong and a medium antimutagenic effect, respectively, while a < 25% inhibition indicates the absence of this effect [9] .
Statistical analyses
Data such as the number of revertants in the mutagenecity assay were analyzed using the one-way analysis of variance (ANOVA) test in SPSS.
Results
In accordance with the Salmonella typhimurium TA100 strain genotype, the reduction in the mutant strain of lipopolysaccharides allowed viole crystal penetration, bacterial death and formation of a zone of about 14 mm, while no such zone was formed in the wild type strain. The experimental strain was ampicillin-resistant due to the presence of the R-factor plasmid. UvrB mutation was confirmed by the lack of growth in the irradiated section (Table 1) (Table 3) .
Combinatorial effect of light and temperature on the antimutagenecity of olive oil
At this stage, the first 5 samples with the highest antimutagenic effect were tested. A significant difference (p ≤ 0.00.05) was evident with a 13% decrease in inhibition (i.e., 60% to 47%) from dark to light and temperature condition with respect to the first sample, which is an indication of a strong effect of light and temperature on the antimutagenic effect of olive oil (Table 3) . 
Discussion
Cancer is considered as one of the main causes of mortality throughout the industrial world in the present century. To this date, a wide range of chemical mutagens and carcinogens have been identified. Scientists believe that damage to the genetic material, changes in DNA sequence and continuity, mutation in genes and other genetic changes in chromosomal structures play important roles in carcinogenesis. The Ames test is a common methodology for screening and identifying both mutagens and antimutagens. In this method, using mutant strains of Salmonella typhimurium, a number of plant-derived compounds have been introduced as both antimutagens and anticarcinogens [12] .
Keeping olive oil in a dark environment
Our results on the antimutagenecity and anticarcinogenicity effects of different olive oil varieties with respect to the positive control (sodium azide) indicated a strong antimutagenic and anticarcinogenic effects for the olive oils 1, 2 and 5. These effects are further enhanced in the presence of S9. The reason for a high average of percentage of inhibition in these 3 oils can be attributed to the type of variety [17] . These results are consistent with those of others, investigating the relationship between the Mediterranean diet and cancer, which introduced olive oil as an Anticarcinogen [18] . Oils 3, 4, 6, 7, 8, 9, 10, 13, 14 and 15 showed a lower rate of antimutagenecity than the above 3 samples. Once again, this rate is slightly increased following the addition of S9. These results indicate that inclusion of olive oil in a diet can be an effective way in preventing cancer [19] . Oils 11, 12, 16 and17 with no antimutagenic effect demonstrate very little antioxidative activity. These results are consistent with those of others [17] in which, using HPLC analysis, they showed very little phenolic and tocopherol content in several commercial Iranian olive oil samples. The low inhibition percentages of the latter 4 samples can also be due to the duration and the high temperature of the malaxing stage, the method of extraction, and the olive variety (17, 20, 21, 22, 23, 24, 25, 26] . This investigation also used the mouse liver homogenate (S9). The antimutagenecity of olive oil was increased by inclusion of the microsomes, which is indicative of its anticarcinogenicity. This is because in the presence of antioxidants and antimutagens, cytochrome P450 enhances this effect, and hence the oil samples are called anticarcinogens [12] . Our results on the antimutagenic and anticarcinogenic effects of olive oil are consistent with those of the following: A review on the molecular mechanisms of the effects of dietary lipids, including olive oil, on cancer concluded that phenolics and MUFAs (monounsaturated fatty acids) in olive oil are responsible for lowering the incidence of cancer [27] . Using mutant heterozygote Drosophila, a strong antimutagenic effect of olive oil was demonstrated [28] . It has been shown that n-6 PUFAs (polyunsaturated fatty acids) are more amenable to peroxidation and conversion to aldehyde products, while MUFAs by scavenging free radicals and a lower tendency to interact with oxygen, play an important role in reducing DNA damage [29] . The latter work also highlighted the valuable and beneficial effects of olive oil on certain cancer types including breast, prostate, colon, urinary tract, bladder, stomach and long cancers, and demonstrated that phenolics in olive oil are important in scavenging DNA damaging reactive oxygen species (ROS). A role for olive oil in lowering cancer risk has been confirmed by others [30] . Lowering the risk of breast and pancreatic cancers, and the protection against tumors have been attributed to a combination of squalene and olive oil [31] . A study reported on the effect of olive oil on colon cancer and identified antioxidants and phenolics as well as the MUFAs as important reducing agents in the incidence of colon cancer [26] . In 1999, Mettlin pointed out the lowering effect of olive oil on the incidence of breast cancer [32] .
Effects of light on olive oil
By assessing the results and the average percentages of inhibition obtained for sunlight-treated samples, It became evident that the rate of inhibition in the light (57.49%) is lower than this rate in a dark environment (61.26%). This lowering effect can be attributed to the destructive property of UV radiation on the phenolic constituents [33, 34, 35] . These findings are in line with those reporting on the effects of different parameters including the packaging material headspace, oxygen, light, temperature and storage time on quality characteristics of virgin olive oil, where they identified a damaging effect of UV light on the antioxidant property and the subsequent quality of olive oil [35] . A study on the effect of temperature and UV on lowering the levels of free α-tocopherol, α -tocopherol dissolved in methanol and α-tocopherol dissolved in hexane, identified UV with a more destructive property on dissolved α-tocopherol levels. By generating monoxy and hydrogen peroxide free radicals and converting tocopherol to oxiradicals, ultraviolet light causes the destruction of the vitamin [36] . Present study is also showing the destructive effect of light on antimutagenic and anticarcinogenic properties of olive oil. A study on the effect of light on the oxidative resistance of date oil showed that UV light by expediting the oxidation of the oil resulted in higher peroxide levels and eventually a lower oil quality [3] . Our results are in line with those of some Italian researchers stating that, storage of olive oil in transparent glass bottles and its exposure to sun light would result in a significant reduction in its potential antioxidative property and nutritional value [37] .
Combinatorial effects of light and temperature on olive oil
Our results on olive oil samples exposed to both light and temperature indicated a significant drop in the average percentage of inhibition (47.36%). This finding can be justified by the hydrolytic effect of temperature on long chain fatty acids resulting in the production of peroxides and eventually a reduction in the antioxidative and anticarcinogenic properties of olive oil [3, 14, 35, [38] [39] [40] [41] . A report which assessed the effects of temperature and type of food simulant on antioxidant stability and found that high temperatures lead to the instability of antioxidants in a molecular waydependent manner. They found low MW phenolics such as DBP, BHT and BHA being more stable, while the stability of medium MW phenolics including AO 2246 and AO 425 was a function of temperature, and finally the high MW phenolics and antioxidants were quite unstable even at lower temperatures [42] . Effect of temperature and UV light on the degradation of α-tocopherol in free and dissolved forms (methanol and hexane) has been reported by others [36] , where a destructive effect on MUFAs and antioxidants of olive oil was determined. A study showed that temperatures higher than 180 °C significantly reduce the antioxidant defense potential (AOP), while elevating the MDA (malondialdehyde) levels resulting in peroxide formation and probably enhanced disease processes [43] . Finally, applying a preliminary approach to productive modeling of extra virgin olive oil stability it has been shown that UV light exposure and high temperature lead to oil decay and instability, and eventually to a lower shelf-life [41] .
